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INERTIAL ELECTROSTATIC CONFINEMENT THRUSTERS 


Inertial Electrostatic 
Confinement Thrusters 

In concentrically aligned 
electrode grids ions are 
accelerated towards the 
center where they collide 
with other ions coming 
from other directions. 

From the plasma core 
highly energetic charges 
can be extracted to form a 
plasma jet. 


Inertial Electrostatic Confinement (IEC) devices were originally 
developed and used for fusion research purposes [1]. Those had a 
spherical geometry, but cylindrically design IEC devices have been 
commercialised already [2]. The simplest IEC type of set-up contains a 
spherical cathode grid, which is co-centrica I ly placed within in a spherical 
anode. The cathode, made of stainless steel wires, is negatively charged 
(typically several kV) while the anode is grounded. The vacuum chamber 
contains a highly rarefied neutral gas with a pressure matched to the 
electrode distance in order to provide a glow discharge. The produced 

ions are accelerated by radial electric fields towards the centre of the 

sphere where they collide with other ions building a positively charged ion cloud. This ion cloud itself 
accelerates electrons towards the centre of the sphere which can lead to the creation of a virtual 
cathode. Due to an effect called micro-channelling the ions are pushed away from the grid wires such 
that the effective grid transparency can exceed 95% [3]. An in-depth description of the working 
principle and the physics of the IEC confinement can be found in [1, 3, 4] and references therein. It has 
been shown recently (see e.g. [5, 6]) that it is possible to extract a plasma jet from the confinement. 
The jet was obtained by creating in both grids an opening in the confinement, i.e. the grid openings 
were locally enlarged in order to provide a lower potential barrier for the confined charges to escape. 
The extraction has been experimentally observed though its properties, working mechanism, key 

parameters are still not well understood. Depending on the literature, the creation of a quasi-neutral 

beam is described as a consequence of initially escaping electrons from the confinement. Those 
electrons induce strong electric fields, thereby attracting and accelerating confined ions such that both 
species form a particle jet. In order to keep the operation steady neutrals are added according to the 
extracted plasma mass flow. IEC reactors in jet mode would thus be, in principle, usable for propulsion 
purposes. In fact, specific impulses of up to 4000s were estimated in [7]. While such devices have been 
proposed as space thrusters, arguing that - the life time is increased due to a larger grid transparency, 
- the set-up is simple and of low weight, - it scales well with power, - exhaust plasma modifications are 
possible to provide fast manoeuvrability, and that - efficiency and thrust are good, the mechanisms are 
still poorly understood as a comprehensive theoretical model of the underlying jet extraction physics is 
still lacking. 


Current IEC research at ACT focuses on two main aspects: system level modelling of a spherical IEC in 
non-jet mode and kinetic modelling of the spherical IEC thruster including fusion processes. The latter 
aims not only for fundamental understanding of the jet extraction mechanism, but also for finding a 
mode of operation which justifies the IEC to be driven in fusion and jet mode. 
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